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NPSCs () 1-PE . 1E & I35 NPSCs /4 L2 3597 (monolayer culture, ML) 41 ; FI| 1] = 4EBRIE 15 57 1
X NPSCs 7 il 1 15 3245550, 4 kg i P 85 3% (sphere culture, SP)2H . 58 380 WS 41 M I 285 , W 20 40 i AR
HEAT A AT, EdU Yo o % Ui ECRAS o 0] IE 55 7 11 55 35 R AT 35 97 19 NPSCs 24T bulk % 540 7
F53HT o i RT-qPCR . Western blotting 137 5 FLBE 5 7 7 , K 1 W AH 5 53+ M2 PI3K-Akt-mTOR 3 %
KRGy T IR A VIR RHAZEFY . 850 IR Y) A R I B 7R, oA A R B A 400 i S S R A0
A, BCAT: R R A% A M 2 B R A3 A, L BSUAT R85 B A 200 B L A A o b 2 o R AR B (P<
0.01) o T4 B 1) K B NPSCs 28 3t 3K 40 fg A A I, 85 7 i 4 3 18] 7 5+ 40 i BH M 47 5 4 CD90
(99.4%) . CD44 (99.8%) . CD73 (94.2%) , ik & ik 1& 1+ 40 M B % #r 35 4 CD34 (0. 21%) | CD45
(0.45%) .CD11(1.08%) o = F /A0S 56 UF 5L ELAT B BUCR Bl o0 A v g 49 6 1) 7o Jot 1 41 i
FAURHE . RO AT RS 3% 0115 5 NPSCs AR Y BUERIY B I i o8 i BB 4l i A1, F- 38 B AR Ry
(52.3+11. 6) pum; 20 Jfd JE] B AS I 4 7< , SP2H GO H 48 i Lb 491 5t 35 = T ML 2H (P<0. 05) , H. SP 20 EdU BH
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Spheroid culture induces a quiescent state in nucleus pulposus stem cells by

inhibition of the PI3K-Akt-mTOR pathway and activation of autophagy
ZHU Tong, LIU Jiabin, ZHAO Runzhi, YANG Zhuolin, HUANG Bo Department of Orthopedics, Second
Affiliated Hospital, Army Medical University (Third Military Medical University), Chongqing, China

[Abstract] Objective Intervertebral disc degeneration (IVDD) is a primary cause of low back pain,
and stemness exhaustion of nucleus pulposus stem cells (NPSCs) represents a key underlying mechanism.
Thus, maintaining the quiescent state of NPSCs is of great significance in delaying disc degeneration. This
study aimed to investigate the inductive effect of in vitro three-dimensional (3D) spheroid culture on the
quiescent state of NPSCs and its regulatory mechanism, thereby providing experimental evidence for targeted
intervention in [IVDD. Methods Intervertebral disc tissues were collected from juvenile and adult patients
undergoing lumbar surgery in our department between December 2025 and January 2026. Tissue sections
were prepared, and morphological differences were observed through HE staining. NPSCs were isolated from
24 male SD rats (8 weeks old, weighing 350+50 g). Stem cell immunophenotypes were identified by flow
cytometry, and the stemness of NPSCs was verified by trilineage differentiation assay. NPSCs cultured under
routine 2D conditions served as the monolayer culture (ML) group, while NPSCs cultured using the 3D
spheroid culture system were established as the spheroid culture (SP) group. Cell morphology was observed
under a microscope, cell cycle distribution was analyzed by flow cytometry, and the quiescent state was
identified by EdU staining. Bulk transcriptome sequencing and bioinformatic analysis were performed on
NPSCs from the ML and SP groups. The expression of autophagy-related molecules and key molecules in the
PI3K-Akt-mTOR signaling pathway, as well as the ultrastructure of autolysosomes, were detected by
RT-qPCR, Western blotting and transmission electron microscopy (TEM), respectively. Results Clinical
histological observation showed that nucleus pulposus cells in juvenile patients were scattered in distribution,
whereas those in adult patients exhibited clustered distribution, and the proportion of clustered nucleus
pulposus cells was significantly higher in adult patients than in juvenile patients (P<0.01). The successfully
isolated rat NPSCs highly expressed mesenchymal stem cell-positive markers CD90 (99. 4%), CD44 (99. 8%)
and CD73 (94.2%), and lowly expressed hematopoietic stem cell-negative markers CD34 (0. 21%), CD45
(0. 45%) and CD11 (1. 08%) as determined by flow cytometry. Trilineage differentiation assays confirmed that
NPSCs possessed osteogenic, chondrogenic and adipogenic differentiation potentials, consistent with the
phenotypic characteristics of mesenchymal stem cells. In wvitro spheroid culture induced NPSCs to form
regular spheroids with smooth edges, with an average diameter of 52. 3£11. 6 pum. Cell cycle analysis revealed
that the proportion of GO-phase cells in the SP group was significantly higher than that in the ML group (P<
0. 05). Moreover, EdU-positive cell proportion was markedly lower in the SP group than in the ML group (P<
0. 05), indicating a typical quiescent state. RT-qPCR showed that the expression of P27, SOX2 and CD34 in
the SP group were significantly higher than those in the ML group (P<0.05). Bulk RNA-sequencing
demonstrated significant differentially expressed genes between the SP and ML groups, with significant
enrichment of the autophagy pathway and the PI3K-Akt-mTOR pathway. Western blotting demonstrated that,
compared with the ML group, the ratio of LC3-II/LC3- I was significantly increased, while the expression of
p62 was notably decreased in the SP group. The expression levels of key molecules in the PI3K-Akt-mTOR
pathway, such as PI3K, p-Akt and p-mTOR were all significantly downregulated (P<0. 05). TEM revealed a
markedly higher number of autolysosomes in the SP group than in the ML group. Rescue experiments further
verified the regulatory relationship between the PI3K-Akt-mTOR pathway and autophagy (P<0. 05). Clinical
sample detection showed that the expression levels of Ki67 and p-mTOR in nucleus pulposus tissues were

significantly higher in juvenile patients than in adult patients, whereas the content of LC3B was significantly
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lower (P<0. 05). Conclusion In vitro 3D spheroid culture can effectively induce NPSCs to enter a quiescent

state and maintain their stemness. The underlying mechanism may involve the activation of autophagy via

inhibition of the PI3K-Akt-mTOR pathway.
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MEM] #1275 (intervertebral disc degeneration, IVDD)
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SERVEA I TUA SR M i) 1 A 12 D e
A% AR TT , 2 BB LT AR B R 2l 3 9
SRR, HeN FREEREAS B e M7 J2 8K 3l IVDD & AR R e
(ROCHETER IR . Hoeh B AL 0 D e 3
B8 7% T 40 I (nucleus pulposus stem cells, NPSCs) 3k
HERF 1T NPSCs 1] LI d i 22 73 Wb £ 11 SR ol 42 20
JRLAI R JBE AR RS, 3 LT AR R ME ] 80 1E 2R BRIN RE 2
KHE . NPSCs MW BER AN A A IR 401, R4
TF & NPSCs (L 285 FRAE R D RE A AL A 5T, % T
W) B TVDD g BEERE T 4 HE 1] 1 B s B AT B 21
e SRR Lo

PR RS R MR AR 2 A T Y — b A B
ARZS 58 40 M 32 5018 H 40 ) 399 51k AT 3 e ) 40
BELF RS, OIRZS TR T 40 i T A R 4E FF H SRR S TT
HA AREHAE AT . AT H RS T 4n i, ik
B KT A= 908 T 1 B B i SR 34 1 2 R A
3X i R PR BB A5 TR 52 A1 S T BE 23 TN 1Y
FebEZ AR MOABIF KW, 540
FEE MY AT TIPS TR] , i RS A T 200 M A R
F RS T ) ERT AR R S s g A S o R
U O WG UESE  HE A P A AR — R % L 4N
JEL L TR AR L o B R A i e SRR A A A, TEME (]
FE TTROE 2 5 AL E S AT R
SR, AT NPSCs # SRS 1 45 A S -0+
BT 1 A 56 42 BB, R OGSO A TR BB

= Y P B SRS AL AR S DL A A L R SR R
B 22 MR AP RE SR AL, © Bl B WIFFEIE S AT A T
12 20 Fh T 200 M B0 S S g EOR S R, B
AFFECAIESE [ W WO S T A0 R B AR ASRY
HEST RAERFEIAR T . SR, HE AT, A 3R
A1 NPSCs J2 15 1 LAEA TSRS i 9 NPSCs
TEAESRF IVDD BERR P AYAVE T 5 A Wk i g% 2 ) A ] 48
RIR M A B, LT BRI ELZ AR B A R
GEAR DT A B 37 H R 4E R NPSCs i 5R S B RO K

TEAE FWEAH G 23T AL, LA IVDD f T By 5 48 )
IR R AR BIEARYE 5 BOR %

1 HE5F®

1.1 ##

L1 BRARMREL  AMBEZ 4140k B 2025 4F
12 7 222026 4 1 F 72 Rl 2225 1B 77 58 — [ I B2 e B
PHEZEHET R B . AR 7 0 AR BUAE A (AR <
18 % ) FIAAELH (FFI =18 %) o AR UAFELH MY BE R 4H 21
IH 4618 B I s e B AR 13~17 27 5 AT 4L
FIBERZ AL U E S B TVDD B35 4RI 45~70 % . AWt
ERE ST Vs N o D Y Ut o (B L S A R
1 (2025-1F55 455-01) .

1.1.2  SZEE5H 1T 79 Ji¢ i g 4 F b 5T Solarbio
/A H] 5 Dulbecco 2 B Eagle RS FRIREG Y F-12
(DMEM/F12) 15570 75 55 2 -4 85 R W F 72 0 Sperikon
N FBS R RNA # IG5 &0 [ 7 ServiceBio 2
] ; ABScript 3 RT Master Mix % % 587 £ \ECL
127 KRR & H 7 ABelonal 22 &) ; SYBR Prime
qPCR i #| & (Fast HS) 14 [ 5 [K Bioground 2\ ] ;
OriCell® BR8] 72 5% T 40 it 2 i b o 4 6 0 38 5 4
OriCell® K LB 18] 78 5 1 4 B ISNG i s | 43
FEIRF & F € 1 OriCell 23 7] ; PI/RNase 4 (628 1
% A 3 [E BD Pharmingen 23 ) ; Ki67 (D3B5) % . g [
P (Alexa Fluor® 488 158 ) e H 3 [# Cell Signaling
Technology /A 7l ; Senescence-Tracker™ 5 2 2l Jifd it 21 4
DCHRER (C0603) \EAU 40 A3 78 i) & (AF647 bricd)
W AL 8 = RAEYH AR A PR A ; GAPDH Hu 4k |
P62 Hi 44 . Anti-Rabbit # /& . Anti-Mouse $0 44 g [ 27X
Abclonal 2y w5 P27 HL A& | SOX2 B f& | LC3B 44 | p-
mTORFi A p-Akt ik . mTOR Fiik  PIBK ik Akt it
I W VT AR 228 ) 5 OCTA HUAA FIT Nanog HAA I [ b
I Bioss 2] o

1.2 Fik

1.2.1 KRENPSCs e 5% B4 H 8k
SD Atk A B[ B (350+50) g ], FH 29% [ 10 22 R
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M A B o R B i 25 2 R A5 B P B S 50
b B L, NPSCs 325 K BRURE ] #4121, AT
FE T A B W) S5 28 It A 7E R K 2 S0 B W AR R A 2R
Z B L (AMUWEC20255372) , SEEe #4545 30
RG] 37 T Bl 45 5 18 R~ 2 — ff ) 5 Bt
SEES B L SPF B By , AR 22~25 °C AR
TP 50%~60% , P45 12 h YGHE/12 h RIS A,
BeEYOK, R AFEER 2K L5l Lk A5
e TR TR 4 B LS, S KR Byl B Wi o 5 5K
B S ) g H R BRCR A, 0 IR BT T R 20%
Ko 22 BE 6 Bl AR A5 o GE 2050, ARHIF 5T A Hh B
W K GEAMAS RS, Tofih e NGBS 0 o

B U 12 W 7 AR T 30 min J5 , 78 G 1 45 14 3
R RFIL , S A (] 2, B5 1R RIS R JC B 0 )
FHEN) B, BEAZ L ZUR R R RIS 2 0 e,
A0.25% IR B, 37 “CIH A 30 min. 4520 Jfd &
T, F R LA 250xg B0 3 min, 77 LIH . NPSCs
K FH DMEM/F12 85 95 3635 55 | B 32 3 U8 10%FBS
1% ERHR-BERR IR N 37 'C.5%CO, W15
FEF . MANEL A R E] 95% i, FH 0. 25% Jif 25 11 B
TH A0 U BE 248 f 4% 48 LB AR R 12 3 LR AR AR
SEUSHE AR =R (P3)NPSCs #H 17 J5 ZLAF 5T, W BE 5% 55
I NPSCs fi 44 M BAZ 155 ( monolayer culture, ML) .
1.2.2.1 AL AR = 4k 8% 37 10 2 K B NPSCs BKCAR
7 MRIESESCER18], 458 =AU NPSCs IR /h G 57
% 80% fil5 FERT , 28 Jge i U AL IS B0 o R TEAL
B (Aggrewell ™, 56 [ ) = 4k BRI A 15 55 1244 2 NPSCs
BOR A 75 24 FLASCFLAR 38 0 250 8 BLBkoR A, 3 3
FERRIE BN R (1x10° A0 I BRIR A R /N, A
H B 50%~75% B9 5¢ 4> DMEM/F12 55553 . K535 3 d
J& W NPSCs BRAR A4 H T )5 2255 50, WS 4E Y NPSCs
BRAR AR A 44 R W AT B 5% (sphere culture, SP) 4 5 457
FRAF AN, PR BRR A 28 JB 2 1 T 9 Tk A PP
o B BRI AR NPSCs H 8T B T3 180 855 55 0 4k 22 0
BEH: 1% NPSCs 2 i 44 0 BBl Al (Re-ML) 41
1.2.2.2 {584 22 W AU W4 KA il K B NPSCs Bk
RARTE B EHZE K 8] AR 22 308 (Olympus,
H A ) WA il A2, LABRIE B M i 260 L JE
AN A T A5 A AR 5 BEMLIGE B 3 A AT, 4
LT B AL B 12 > 40 i AT, {d FH Image J 040 2 20
M i R B AR St B H T 100~200 pm.
1.2.3 HE@RM ASERALSULSE 4%
%2 B P[] 1 5 100 A 2L R O 2 i i K L — P
BN EE ST A E A HE 2 pm S . V)

A g T ORI S HEAT et . R OR ORI AT
(ServiceBio, oY ) YL 8 5~10 min, [ 27K #19%E 10 min
R 5 1% £hIR LWk 3~5 s, AR IK YL S min,
LI YL YL 30~60 s, [ R BPPE 10 o Al FH AP PEAR
BR . BTG B T A LIRSS, R
BILHATIE 2= 0T .
1.2.4 Ui M AR M K B NPSCs SR bR i i) R ik

R FH OriCell® K B E] 7 5 1 200 i 26 1A 25 4 R 3
F SIS 3 A NPSCs B R AR R ik . il &
£0,55 B R 4 (CD44 . CD90 . CD73) — i  BME bR
Y1(CD34 .CD45)—4 R BIXT FR P iR K i 41 2 11 (PE)
FRi€ =P, fIZESCIR AR fF NPSCs & T4
AR W (5 0. 1%FBS i 1x B FR 1R 28 vh i ) b, %
AN FE 5 3x10%mL, FEFRICAFAY 1.5 mL BT
B 100 L 20 it B ¥ (24 3x10° A4 g ) A1 2 wL —$it
(B A R BEHLAR ) , T4 CIEE 30 min. JH 200 WL 2%
RBE T 2 YK (250%g, 5 min) & , A 2 wL BT, 4k &2
T4 CH#H 30 min, FRRVERAIM)S W HEST
300~500 Wl 28 #h W o, 52 BD SR O 3 X gn e Y
(Beckman Coulter, 35 [E ) &9 . {# FH FlowJo 8 F#E4T
A 53T
1.2.5 2L O By 4 K B NPSCs Ak 431k BE

SR FH OriCell® K B i 6] 76 5 1 40 i 1 i 2 Ak it 51
E15 T NPSCs JB IR 43 fb o 1] B2 50 B0 B0 R < oK 55 — AR
NPSCs LA 2x10* 4~ /em? i 45 B 2 Fh T BE SR L, & T
37 °C.5%CO, 4 f 35 55 48 h 15 55 2R G BE 100% . 4%
Ui BT P B 4 IR 5 5 ARG R A IR TS S B B
Rl IR 5 T 4 IR A VRO B VR SR AN, A W
3d, B d, WA H OSSR A . 293 A, 401k
565 L FH 109 8 2R S5 AR [ 22 28 L 30 min, Bl S A
ML 0 TAER YL (730 min, ZeBEFR LR R MR VLR )T
FE S N AR AL A .
1.2.6  B/RSFE QAR BN PSCs B H -7k RE

S FH OriCell® K BR8] 76 5 4 B 1 01 231k
R &5 5 NPSCs K 7k o WA 4x10° 455 =A%
NPSCs , 48 250xg 5.0 4 min Ji7 , JHWE AR Eh 28 wh e % .
WACH SR e R R kIR R 2
FHBUR W (B T §93EREES 7735 A 10 pl A%
R LB AN T . A E AT 0.5 mL5E 2R3+
S R R 15 mL B O (R FAAEh) BT 37 C
5%CO, B 3% . B 2~3 RE 0.5 mL #7584
Wi 2 )5 W EAE 1. 5~2. 0 mm B FCE
BRo BEHERCEBR A 10% 18K S AR E 2 30 min LA L, B )5
AT A AL, YT R RN 3mSR
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P H TR IR S50 a0, 1 h, YRI5 75 000 T Wsg .
1.2.7 PEZRL S YK A R NPSCs i 71k Bk
SR OriCell® K BUE B 18] 78 5% T 20 it 1 A 351
B15 T NPSCs BB o4k o e 106 BH 5 e 1 4 1 i 15 5
AR RE IR B =0 NPSCs 2R F RS FR LA, A
SRR, BT 37 'C.5%C0, 5 35/ v i 3R 4
3R 1 R FREL . 92 8 el s (LA
PSS TE CAFR &) , FH 4% 22 58 S [ 5 40 30 min,
VEWSE  IMATE R AL SR = IR Y 2 15~20 min, PRI
Je T S fBE AR A3
1.2.8  FEEAMMT LT Ao CHRER B =X 40 i A G
FAKRENPSCs ERE  RAEZYIMT L4
¢ CHRE (C0603) K6 ML 2H 1 SP 2H NPSCs ) 5 04k
Ao SEH10 mmol/L FREHFAF WAL 121 000 YA FR L
TINS5 SR, %o Wl 3 40 1 8 A A Bk I B, R
Je PR, 1 TR 0 A 0 40 S WA 4, P 8 1 el ok
RAATHE Ak B4 A 94, 2 2E R AR 3 1ok 37 =X 4 ARG
25 ' BE 40 BB, LA A A 3 A 47 2 NPSCs by B
Xof BA 15 58 DG B, 15 5 Z AN L
1.2.9  PI/RNase J4ta SRS ZH K EANPSCs
YY) SRFH PI/RNase YL (028 R A Ki67(D3BS)
Yo 5T B AR (Alexa Fluor® 488 B ) 4347 48 Jfd J& 199 .
W 2 4140 2 B 2R 1 TS AR IR 2 1104 i
FHBSIRER 22 PR VRIS INA TR 1 70% L BET 4 °C
[ 12 h, Bl 5 P WAL 56 22 h il VR 2 . LA Ki67
(D3BS) S e TR, ZREOEIEE 1 h, FIA PTYL
0 %5 TRRE I 20 ming R U 2 40 A SR BUR
Pt 1 FlowJo A4 T 54 43 HT
1.2.10  EdU 20 i 3 58 2 7] A S 20 A5 Il s e )
2 41K B NPSCs $8 7 fig K F EAU 21 it 338 5 38
& (AF647 hric ) X 2 2 AN ML FE 4T BEAU 3256 . 4 40 i
BT 10 pmol/L EAU By 58 215 F B P i 5 4 h (4
JA 1 1/10) , FH 4% Z 2 B 1 (PFA) [ 7 15 min, A
0. 3% 738 X-100 3% 15 min, % BiXH] &30 45,
F JH Click-iT EdU Alexa Fluor 555 ¥ Il 22 45 46 I 5% &
() EdU. R F L R 45 W f0BE (Olympus 28 ], H AR) 4
BEEMG . i Image J 4K AFTTE0 DAPLBH M 410 A A2 (1R,
e AN MK A EAU FEAE 40 A% (R R 345 40 e 500 -
A S B R = (B U4 AZ $/D APT 41l i
E0) x100%
1.2.11 Bulk RNA-Seq 43 #7452 K R NPSCs £& A 3
kEE O ARIFSE IR E 2 4LiEAT bulk F SR AT, B ML
RSP . A& HA PR SE USSR H TRIzol 142 UK FR
NPSCs & RNA Jf 2% K . RNA-Seq it F2 (2 45 £ A 1T

Al SCEERAEE S5 g RN ) FRATCMN T Rk e A )
FARA R A A 5EM . K H Nlumina NovaSeq 6000 il /7
- 15 HE4T RNA-Seq, X 41 76 45 7 B[] BE PN 2 2K 114 e
H mRNA #5 SEARMEATI T o SCPEF 2R A Tllumina
TruSeq™ RNA AT & G I AR A5 1 e i B3l
rhdl B bl I e Sk B BT R B R A . DR IE R
A8 43 00 5 2 R0 AT SE M SR FAST SR04 X6) 5t 4 5040
VAT U8 AL UEAR AN T O PR & Sk P A ;@ %
BRSO (LA N 2R B P51 5 B Z2BRAK 5T 2 7 1)
(Qphred <20 Ay HF 3E & BB SE 1 50% S LA 1) o ASHF
5% PAILog,FCI=1 HAZ IEJ5 PAE (P adj)<0. 05 Az i i
EDEGs. K H DESeq2 F {4 #E47 25 5 38 ¥, >R H
Cluster Profiler % 22 53 F ik FE RN AT GO Difig & 4
FKEGG i [ & £ 317 -

1.2.12  RT-qPCR M5 4H K FUNPSCs H1 P27,.S0X2
CD34 S HE R FRIAACE iR RNA #2070 & 48
A A RNA 38 5 76O BE 0 5 S5 RNA 46 . B
J& , RS 2H DNA £ R 719 ABScript 3 RT Master
Mix 33 575 SRR 60 RNA 30054 55 0 B4 DNA(¢DNA) .
& H SYBR Prime qPCR ik /] & (Fast HS) # 17 & &
PCREIN ., LA GAPDH NS I R 2752 3Ei1HE
H AL R A A O R0 o . SN A 3 U 37 S B AR
BEE. BRSEHE 5750 Wk 1.

%1 RT-qPCR3|¥F7I
Table 1 Primer sequences for RT-qPCR

Genes Sequences(5'—3")
Forward : GCCAGCCTCGTCTCATAGAC
Reverse: AGTGATGGCATGGACTGTGG
Forward : GCTTTCGGGG TGTTTTTCCC

GAPDH

v Reverse: TCTTCATGATTGACCGGGCC
Forward: GATCAGCATGTACCTCCCCG
S0x2 Reverse: CATCGCCCGGAGTCTAGTTC
Forward: AGCTGGGGATCCAAAGCTTC
C34 Reverse: G TGCAGAGAGAGGGCAGTTT
Pik3ed Forward: GATGGACTCAAACGGCAGGA
Reverse: ACTCGTTCATGGTCACACGG
Forward: CTGCACTTGTTGTTGCCTCC
Al Reverse: ATCTCCCTGGCTGCTCCTTA
Forward: CTGCACTTGTTGTTGCCTCC
Mior Reverse: ATCTCCCTGGCTGCTCCTTA
Forward : CCTGCGGCGAGATTATGTCT
Atg2a Reverse: GCAGAACTCGTCACTGTCCA
Forward: CATCAGCAT TCCCACCCAGT
Atgde Reverse: AAAACTCACCACAGTGCCCA
Forward: AGCCCGGAGTCACTCTATGT
Atgl3

Reverse: CACGAACTGTCTGGAAGCCT
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1.2.13  Western blotting 145 2 K & NPSCs 1 P27 .
SOX2 A FIRIBAKY KB H35 57 Fa A
i1 NPSCs 75 RIPA ZZ v h i A7 4% . I BCA 2K
F e 2 RS . 180t SDS-PAGE X 2 H Btk 7
S SRIGHEASE PVDF B I . B PVDF R % 5%
W W k3 BT 1 he —$T GAPDH(1:50 000) | P27
(1:2000),S0X2(1:1 000) ,LC3B(1:1000) ,p-mTOR
(1:1000) .PI3K(1:1000).0CT4(1:1000) ,Nanog
(1:1000) .P62(1:10 000) ,p-Akt(1:5000) ,mTOR
(1:5000) ,Akt(1:5000), ¥ PVDF &5 —Hi7E 4 °C
TR R (10~12 h) BB 5AR X 0 —hii g, —
Ht Anti-Rabbit(1:10 000) . Anti-Mouse (1:10 000) , %
JHECL b 27 KOt ialon & (AW Bil=1:1) 5%,
ChemiDoc XRS+EE S AR 2 4t K 4E EIMZ , Image J 3K 1
IR H A K R, LA GAPDH A N S35 H i &
FIARX ik i o

1.2.14 3 5 d 7 5 U W28 45 2H K B NPSCs # 75k
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A and B: Representative images of HE staining of juvenile (A) and adult (B) nucleus pulposus tissues; C: Representative images of

microscopic observation of tissue block-cultured rat NPSCs after monolayer culture; D: Surface markers of rat NPSCs by flow cytometry; E: Tri-

lineage differentiation capacity of rat NPSCs
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Figure 1 Distribution characteristics of human nucleus pulposus tissues and identification of rat NPSCs
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A: Morphology of rat NPSCs in SP group after spheroid culture; B:

Morphology of rat NPSCs in Re-ML group after re-plating; C: Senescence

analysis in the ML and SP groups; D: Cell cycle distribution and GO-phase proportion in the ML and SP groups; E: EdU proliferation assay in the
ML and SP groups; F: Expression levels of P27, SOX2, CD34 in the ML and SP groups by RT-qPCR; G: Representative Western blotting images

of P27 and SOX2 in the ML and SP groups; H: Representative Western blotting images of OCT4 and Nanog in the ML, SP and Re-ML groups
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Figure 2 Phenotypic characteristics, senescence, cell cycle and stemness-related molecule expression of NPSCs

under spheroid culture
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Figure 3 RNA-seq results in NPSCs after spheroid culture
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A to C: Protein expression of the PI3K-Akt-mTOR pathway and autophagy in the ML and SP groups; D: Immunofluorescence assay of Ki67,

LC3B, and p-mTOR in juvenile and adult human nucleus pulposus tissues; E: Transmission electron microscopy of autophagy-related

ultrastructures in the ML and SP groups
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Figure 4 Detection of PI3K-Akt-mTOR pathway and autophagy-related indicators in rat NPSCs after spheroid culture
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A and B: Protein expression of autophagy- and mTOR-related markers in NPSCs after CQ or MHY 1485 treatment; C: Cell cycle distribution
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Figure 5 Regulatory effect of PI3K-Akt-mTOR and autophagy on spheroid culture-induced quiescent state of NPSCs
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